INTRODUCTION {#s1}
============

Portal vein thrombosis (PVT) is a critical and frequent complication of liver cirrhosis. PVT refers to thrombi formed in the lumen of the portal vein and/or its branches, which may extend to the superior mesenteric and splenic vein (SV). Based on the current available data, the incidence of PVT in cirrhotic patients is higher than that in noncirrhotic population, varying from 10% to 15% ([@R1]). PVT aggravates the complications of portal hypertension ([@R2],[@R3]), and occlusive PVT decreases the post-transplantation survival rate ([@R4],[@R5]).

Currently, detailed clinical guidelines of cirrhotic PVT have not been developed. According to recent guidelines (European Association for the Study of the Liver (EASL) and Baveno VI), anticoagulation is recommended in acute PVT, superior mesenteric vein (SMV) thrombosis, or liver transplantation candidates. However, whether anticoagulation should be used in chronic or isolated cirrhotic PVT is not clear ([@R6],[@R7]).

Cirrhotic patients have a "rebalanced" coagulation system that can shift to promote bleeding and thrombotic tendency ([@R8],[@R9]), making it challenging for clinicians to initiate anticoagulation in patients with PVT. Anticoagulation increases the bleeding risks, especially for patients with esophageal and gastric variceal bleeding. Therefore, anticoagulation in cirrhotic PVT remains controversial and has drawn significant attention. Based on previous studies, 60%--83% of the patients who received low-molecular-weight heparin (LMWH) or warfarin achieved a complete or partial recanalization and no severe bleeding complications were observed ([@R1],[@R10]--[@R13]). However, other studies reported that anticoagulation should be carefully considered in patients with advanced cirrhosis and a history of variceal bleeding ([@R14]--[@R16]). Most studies were retrospective observational studies and did not enroll control patients. Therefore, prospective randomized controlled trials are needed to verify the efficacy and safety of the anticoagulation therapy in PVT.

Anticoagulant drugs have been used alone in most published studies (LMWH alone or warfarin alone). The efficacy of short-term (2 or 4 weeks) LMWH anticoagulation has been demonstrated in 2 studies, which reported 60%--70% patients achieved recanalization ([@R17],[@R18]). However, recurrent thrombosis was observed in 38.5% and 36% patients after stopping anticoagulation in other 2 studies ([@R12],[@R19]), suggesting that anticoagulation should be maintained. LMWH is not a good choice for maintenance therapy because long-term subcutaneous injection and a high expense substantially reduce patients\' compliance ([@R20]). In comparison, warfarin is convenient and suitable for long-term administration ([@R21]), while it could not be used in patients who just receive the endoscopic therapy. Thus, short-term LMWH followed by warfarin may become an optimal anticoagulation strategy, which can be used in patients treated with endoscopy and maintained for a long time.

Therefore, we aimed to find an optimal anticoagulation strategy, which could result in a higher recanalization rate and become a more sustainable maintenance therapy. The prospective randomized controlled study was performed to evaluate whether nadroparin calcium-warfarin sequential (NWS) anticoagulation therapy could be an optimal anticoagulation strategy in cirrhotic PVT.

METHODS {#s2}
=======

This study was a single-center, single-blinded randomized controlled trial on the recanalization rate in PVT and bleeding risk between the NWS therapy group and control group. The study protocol was approved by the Medical Ethics Committee of the Qilu Hospital of Shandong University. Informed consent was signed by all the enrolled patients. The trial was registered on [ClincalTrials.gov](http://ClincalTrials.gov) under the number NCT04173429.

Patients and groups {#s2-1}
-------------------

All patients admitted at the Gastroenterology Department of the Qilu Hospital of Shandong University in China, who were diagnosed with PVT, were prospectively and consecutively evaluated in this study. The inclusion criteria were the following: age between 18 and 75 years, liver cirrhosis diagnosis based on clinical, laboratory, and imaging studies, and PVT diagnosed by abdominal contrast-enhanced computed tomography, contrast-enhanced MRI, or portal angiography. The exclusion criteria were the following: cavernous transformation of the portal vein, uncontrolled active bleeding, platelet count lower than 10\*10^\^^9/L, creatinine more than 170 μmol/L, ongoing or received antithrombotic/thrombolytic treatment, primary thrombophilia, Budd-Chiari syndrome, pregnancy or breast-feeding period, severe cardiopulmonary diseases, severe systemic infection or sepsis, and inability to sign informed consent.

Eligible patients were randomly divided into 2 equal groups: NWS therapy group and control group. Randomization was performed using a computer-based random number table procedure. Randomly generated serial numbers were placed in opaque envelopes. Patients and clinicians performing the interventions were not blinded, while clinicians performing the imaging assessments and data analysis were blinded to the group allocation and patients\' coded data.

Procedure {#s2-2}
---------

The NWS therapy group received a subcutaneous injection of nadroparin calcium every 12 hours for 1 month followed by an oral administration of warfarin for 5 months. Warfarin was started at least 5 days before nadroparin calcium was stopped. International normalized ratio (INR) was monitored every 3--4 days, and the daily dose of warfarin was carefully adjusted by the increase or decrease of 0.75 mg until the INR target level of 2--3 was achieved. Patients in the control group did not receive any anticoagulation treatment.

All patients underwent gastroscope to evaluate the degree of varices and received endoscopic ligation or sclerotherapy if necessary. Patients in the NWS therapy group initiated the anticoagulation therapy after endoscopic therapy.

Imaging studies {#s2-3}
---------------

PVT assessed by imaging examination seems as the absence of flow in part or all the lumen of the splenoportomesenteric axis, including portal vein trunk and branches, SV or SMV, with the presence of solid material in the vein. The degree (partial occlusion or complete occlusion) and extension (portal vein only or extension into the SV and/or SMV) of PVT were also evaluated in all the enrolled patients at admission by upper abdominal contrast-enhanced computed tomography or MRI or portal angiography. The assessments of thrombosis were based on a published study ([@R22]). For each venous segment, the vein and residual patent lumen were outlined at the level of the maximum thrombosis. Total lumen area and patent lumen area were calculated with commercially available software. The degree of thrombus occlusion was estimated as a percentage by thrombosis area/total lumen area × 100% ([@R22]). The extension of thrombosis was referred to the involved segments of the portal vein system, regardless of whether thrombosis was formed in the portal vein only or extended into the SMV and/or SV ([@R23],[@R24]). Complete thrombosis and partial thrombosis were defined as equal or greater than 90% and less than 90% thrombotic material presence within vessels, respectively. Although the imaging assessments were performed by a single reader, the bias is minimized as the calculated assessments are objective.

Follow-up {#s2-4}
---------

Follow-up visits were scheduled at the 0th and 6th month and included clinical, laboratory, and imaging evaluation. The follow-up started at the diagnosis of PVT, defined as starting on the date of the first radiological imaging documenting PVT, and stopped in January 2020 or the day of death or the date of the last visit at sixth month. Liver function and cirrhosis severity were assessed by the Child-Pugh score and the Model for End-Stage Liver Disease (MELD) score, respectively, at the 0^th^ and 6^th^ month.

Bleeding episodes were assessed every month by phone call. Once a severe bleeding episode occurred, the anticoagulation treatment was stopped immediately and endoscopic therapy was performed if necessary.

Outcomes and definitions {#s2-5}
------------------------

The primary outcome was the overall recanalization rate, both complete and partial. The secondary outcomes were bleeding rates, consisting of rates of hematemesis, melena, epistaxis, injection-site hemorrhage, and other bleeding events.

Portal vein recanalization was evaluated on the basis of imaging examination. Complete recanalization referred to the complete disappearance of the thrombus in the portal vein trunk, at least 1 of the 2 intrahepatic portal vein branches, SMV and SV. Partial recanalization was defined as a more than 50% reduction of the thrombus, with the thrombus not extending to other veins. No response or stable thrombosis was defined when the thrombus maintained the same dimension or achieved a less than 50% decrease or less than 30% increase on cross-section. Progression was defined as more than 30% increase of the thrombus than before or thrombus extended to unaffected segments of the splenoportomesenteric axis (Figure [1](#F1){ref-type="fig"}).

![Computed tomography images of portal vein thrombosis outcomes. Thromboses of portal vein with complete recanalization (**a**), partial recanalization (**b**), stability (**c**), or progression (**d**). The left arrow indicates the position of thrombus and the right indicates the complete recanalization of portal vein in **a**. The arrows indicate the position of thrombi in **b**, **c** and **d**.](ct9-11-e00228-g001){#F1}

Group size calculation {#s2-6}
----------------------

The overall recanalization rate of the PVT at the sixth month was chosen as the primary outcome to calculate the size of the groups. Based on previous studies ([@R25]), assuming a 30% difference in the overall recanalization of PVT at sixth month between the anticoagulation (70%) and control group (40%), 5% α and 20% β error, 27 patients were needed in each group. Considering a 10% dropout rate, 30 patients should be included in each group.

Statistical analysis {#s2-7}
--------------------

Statistical analysis was performed using the statistical software IBM SPSS Statistical 24.0 (SPSS, Chicago, IL). The analysis of the outcomes between the NWS therapy group and control group was conducted by both intention-to-treat (ITT) and per-protocol (PP) analysis. All eligible patients were analyzed by ITT analysis, and patients who did not violate the protocol were analyzed by PP analysis.

Quantitative variables were expressed as the mean ± SD, whereas qualitative variables were expressed as percentages. Quantitative variables were compared using the Student *t* test or Wilcoxon rank-sum test, and categorical variables were compared using the χ^2^ or Fisher exact test, as appropriate. Univariate and multivariate logistic regression analyses were performed to find significant end point predictors for recanalization. A 2-tailed *P* value \< 0.05 was considered statistically significant.

RESULTS {#s3}
=======

Patients {#s3-1}
--------

Recruitment was performed from January 2017 to December 2019, and the final follow-up was completed in January 2020 because of coronavirus disease 2019 (COVID-19). A total of 125 patients were initially considered in this study. Among them, 61 were excluded according to the exclusion criteria (Figure [2](#F2){ref-type="fig"}), and 64 were randomly divided. In the control group, one patient was enrolled in October 2019 and one dropped out. In the NWS group, one patient discontinued the anticoagulation because of hematemesis and one dropped out. Finally, 60 patients completed the clinical trial (Figure [2](#F2){ref-type="fig"}). Baseline characteristics were compared between the NWS therapy group and control group by ITT analysis, as shown in Table [1](#T1){ref-type="table"}. No significant difference in these characteristics was found at the time of the enrollment (Table [1](#T1){ref-type="table"}).

![Flow chart showing the study design and patients\' placement.](ct9-11-e00228-g002){#F2}

###### 

Baseline characteristics of the enrolled patients

![](ct9-11-e00228-g003)

Values are expressed as mean ± SD or number (%) of patients.

HBV, hepatitis B virus; HCV, hepatitis C virus; INR, international normalized ratio; LDL-C, low-density lipoprotein cholesterol; MELD score, Model for End-Stage Liver Disease score; MPV, main portal vein; NWS therapy, nadroparin calcium-warfarin sequential therapy; PSE, partial splenic embolization; PVT, portal vein thrombosis; SMV, superior mesenteric vein; SV, splenic vein.

Efficacy of anticoagulation therapy {#s3-2}
-----------------------------------

The outcomes of the PVT in patients who were lost to follow-up were regarded as recanalization for the control group and no response for the NWS therapy group. The comparison of the outcomes between NWS therapy and control groups was performed by ITT and PP analysis. In the ITT analysis, the overall recanalization (complete and partial recanalization) rate in the NWS therapy group was higher than that in the control group, with a statistically significant difference (62.5% vs 34.4%, *P* = 0.024). The PVT progression rate in the NWS therapy group was lower than that in the control group, and the difference was statistically significant (15.6% vs 40.6%, *P* = 0.026). In the PP analysis, the overall recanalization rate in the NWS therapy group was statistically and significantly higher than that in the control group (63.3% vs 30.3%, *P* = 0.010). The PVT progression rate in the NWS therapy group was statistically lower than that in the control group (13.3% vs 43.3%, *P* = 0.022) (Table [2](#T2){ref-type="table"}).

###### 

Outcomes between the NWS therapy group and control group by ITT and PP analysis

![](ct9-11-e00228-g004)

Values are expressed as n (%).

ITT analysis, intention-to-treat analysis; NWS, nadroparin calcium-warfarin sequential; PP analysis, per-protocol analysis.

Stratified analysis was performed because the imbalanced burden of thrombosis between the 2 groups. No statistically significant difference was observed (see Tables 1 and 2, Supplementary Digital Content 1, <http://links.lww.com/CTG/A373>).

Safety {#s3-3}
------

During the 6-month follow-up, all patients completed the nadroparin calcium therapy. One (3.13%) patient in the NWS therapy group experienced hematemesis during warfarin administration and discontinued the therapy. Neither other episodes of hematemesis or melena requiring endoscopic therapy were observed nor other bleeding effects occurred in both the NWS therapy group and control group. No statistically significant difference in bleeding rate was observed between the 2 groups (see Table 3, Supplementary Digital Content 1, <http://links.lww.com/CTG/A373>).

Predictors of PVT recanalization {#s3-4}
--------------------------------

The baseline information of patients was analyzed by univariate and multivariate logistic regression analysis to explore possible predictors of PVT recanalization. In the univariate analysis, Child-Pugh score (*P* = 0.023, odds ratio \[OR\]: 0.595; 95% confidence interval \[CI\]: 0.380--0.929), D-dimer \< 2.00 μg/mL (*P* = 0.020, OR: 4.821; 95% CI: 1.279--18.177), and NWS anticoagulation therapy (*P* = 0.004, OR: 4.889; 95% CI: 1.652--14.471) were predictors associated with the recanalization (Table [3](#T3){ref-type="table"}). In the multivariate analysis, only NWS anticoagulation therapy (*P* = 0.008, OR: 6.345; 95% CI: 1.629--24.721) independently predicted the recanalization (Table [3](#T3){ref-type="table"}).

###### 

Univariate and multivariate analysis of the baseline predictive factors associated with recanalization from binary logistic regression

![](ct9-11-e00228-g005)

CI, confidence interval; INR, international normalized ratio; LDL-C, low-density lipoprotein cholesterol; NWS therapy, nadroparin calcium-warfarin sequential therapy; OR, odds ratio; PSE, partial splenic embolization.

Impact on liver function {#s3-5}
------------------------

The Child-Pugh score at the sixth month was better than that at the 0^th^ month in both the NWS therapy group (7 \[5--8\] vs 6 \[5--7\], *P* = 0.007) and control group (7 \[5--8\] vs 6 \[5--8\]), but the difference was significant only in the NWS therapy group (Figure [3](#F3){ref-type="fig"}e). No significant improvement in the MELD score was observed between 0th and 6th month in both the NWS therapy group (9 \[5--12\] vs 9 \[5--13\]) and control group (10 \[6--14\] vs 10 \[6--13\]) (Figure [3](#F3){ref-type="fig"}f). The albumin level increased at the sixth month compared with that at the 0^th^ month both in the NWS therapy group (36.06 ± 5.13 vs 38.64 ± 3.75, *P* = 0.004) and the control group (35.08 ± 4.54 vs 35.54 ± 6.48), with a statistically significant difference only in the NWS therapy group (Figure [3](#F3){ref-type="fig"}g).

![Comparison of Child-Pugh score, MELD score, and albumin level between 0^th^ and 6^th^ month in the NWS therapy group and control group. ALB, albumin; MELD score, Model for End-Stage Liver Disease score; NWS therapy, nadroparin calcium-warfarin sequential therapy.](ct9-11-e00228-g006){#F3}

DISCUSSION {#s4}
==========

For the first time, the authors compared patients treated with NWS therapy and untreated patients in the recanalization rate of PVT and bleeding risk by performing a prospective randomized controlled trial in this study. The predictive factors of PVT recanalization and anticoagulation effect on liver function were also assessed. Our results showed that the recanalization rate of PVT in the NWS therapy group was higher than that in the control group and no statistically significant difference in bleeding rate was observed.

Limited studies reporting a 60%--83% overall recanalization rate of PVT with LMWH or warfarin confirmed the efficacy of the anticoagulation drugs ([@R10]--[@R12]), and most studies reported no significant side effects ([@R16],[@R26]). However, most studies were retrospective observational studies and did not enroll control patients. In this study, the patients were enrolled prospectively and untreated patients were simultaneously taken into consideration. The result showed that 62.5% of the patients in the NWS therapy group achieved complete or partial recanalization, indicating that 6-month anticoagulation therapy with nadroparin calcium and warfarin was effective. Interestingly, the higher overall recanalization rate in the NWS group was attributed to higher complete recanalization rate. The complete recanalization rate in the NWS therapy group was 3-folds as higher as that in the control group, while the partial recanalization rate was slightly higher. The similar results were reported in a recent study, in which the complete recanalization rates in treated and control groups were 38.3% and 12.9%, respectively, while the partial recanalization rates were 18.5% and 12.9% ([@R19]). It suggested that only a small proportion (9.4%--12.9%) of patients without anticoagulation achieved complete recanalization and the patients treated with anticoagulation were prone to complete recanalization. Existing studies reported 30%--50% PVT patients achieved spontaneous recanalization ([@R22],[@R27],[@R28]). The low spontaneous recanalization rate was also observed in this study, 34.4% in the control group. These results indicated that the spontaneous recanalization rate of PVT is low and anticoagulation increased the recanalization rate, especially complete recanalization rate. In addition, the PVT progression rate in the NWS therapy group was lower than that in the control group, suggesting that anticoagulation can prevent PVT worsening.

The stratified analysis was further performed because of the imbalanced burden of PVT at 0^th^ month between the NWS therapy group and control group. Although no significant differences were observed in the subgroups, it could not be concluded that more PVT burden contributed to a higher recanalization rate in the NWS therapy group.

NWS anticoagulation therapy is safe for cirrhotic PVT. In this study, hematemesis occurred to 1 patient during the warfarin administration, who had no response to anticoagulation. Persistent portal hypertension caused by PVT may lead to variceal bleeding. The bleeding rate (3.13%) was in accordance with that in a meta-analysis, which ranged from 0% to 18% with a pooled rate of 3.3% ([@R29]). The low bleeding rate might be due to good liver function reserves and necessary endoscopic ligation or sclerotherapy. Most patients in both groups had a relatively low Child-Pugh score (Child-Pugh score A or B), high albumin and platelet levels, and prone to have a low bleeding risk. There was no or mild impairment of liver synthesis and coagulation function. It was supported by a recent study, in which the mean serum albumin (3.1 mg/dL) of patients with bleeding was significantly lower than that (3.55 mg/dL, *P* = 0.002) of patients without bleeding ([@R16]). Another study concluded that a platelet count \<50\*10\^9/L was significantly related to a higher bleeding risk ([@R12]). Besides, the prophylactic or therapeutic endoscopic managements reduced the rate of variceal bleeding. Although NWS anticoagulation was safe for patients with Child-Pugh score A and B, more studies are required to verify the safety for patients with Child-Pugh score C.

The target INR range for cirrhotic patients is unclear. A previous study showed that warfarin administration with the INR target of 2--3 did not increase the bleeding rates ([@R30]). Another retrospective study reported that warfarin administration with an INR target of 1.5--2.0 significantly worsened PVT ([@R31]). In this study, an INR target of 2.0--3.0 was selected and controlled in most patients in the NWS therapy group. The results indicated that warfarin with an INR target of 2.0--3.0 after nadroparin calcium achieved a high recanalization rate and was relatively safe in cirrhotic patients.

According to univariate and multivariate analysis, NWS anticoagulation therapy, lower Child-Pugh score, and D-dimer \< 2ug/mL were predictors of PVT recanalization. NWS anticoagulation therapy was an independent predictor of PVT recanalization. Published articles reported that the Child-Pugh score was a predictor significantly associated with recanalization ([@R10],[@R13],[@R32]), which was also observed in this study. D-dimer was found to be associated with recanalization of PVT for the first time. The result was robust because the sample size was small and the starting baseline values of D-dimer were \< 2ug/mL in most patients. More studies with a larger number of patients are required to confirm it.

Existing studies reported that the anticoagulation therapy may improve liver function ([@R33],[@R34]). In this study, a statistically significant increase of the albumin level was observed in the NWS therapy group. However, the improvements of the Child-Pugh score were quite small. This may be because most enrolled patients were in compensated cirrhosis. The patients in this study had relatively good liver function reserves, and the baseline Child-Pugh score averaged 6--7. The exact effect of anticoagulation on liver function was not concluded in this study. And, this study has not adequately assessed the safety of anticoagulation in cirrhotic patients with Child-Pugh score C. Therefore, future studies included patients with Child-Pugh score C are required to provide more convincing evidence.

NWS anticoagulation strategy can be considered in cirrhotic patients, including those who have variceal bleeding treated with endoscopic therapy. In this study, most patients in the NWS therapy group completed 1-month nadroparin calcium and 5-month warfarin therapy. The result indicated that NWS therapy could be easily accepted by patients and resulted in a high compliance. Nadroparin calcium can be started in fasting patients after receiving endoscopy therapy. Warfarin is then administered for a long term after 1-month nadroparin calcium.

There are some limitations in this study. First, a 6-month follow-up was designed and a longer period was not monitored to evaluate whether recurrent thrombosis was occurred to those patients who achieved recanalization after 6 months. A longer follow-up should be performed to provide more evidence. Second, this study was lack of active controls. The study would be enhanced by 1:1:1:1 randomization with other 2 groups (warfarin alone and nadroparin calcium alone) by comparing different anticoagulation strategies. However, it would be challenging and required a much larger sample size. Third, the safety of NWS therapy in cirrhotic patients with Child-Pugh score C has not been fully assessed. Future studies with Child-Pugh score C patients are needed to verify it. Fourth, because of the small sample size, no other independent predictors were found except for NWS therapy. More studies with a larger sample size are required for further exploration.

In conclusion, the 6-month NWS anticoagulation therapy was effective and relatively safe in cirrhotic patients with Child-Pugh score A and B. It may improve the liver function, while the effect was small. NWS anticoagulation therapy is easily accepted by patients. Therefore, it may become an optimal anticoagulation strategy for cirrhotic patients with PVT who just have received endoscopic therapy. Nevertheless, future studies may focus on the safety of anticoagulation in patients with Child-Pugh score C and whether NWS anticoagulation therapy should be continued in the patients who achieved recanalization.
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